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INTRODUCTION 
The presence of and/or the potential for cracks in powder metallurgy components is 
an industry recognized quality concern. In an industry wide survey, eliminating or 
controlling of cracks was found to be the second most important research priority identified 
[1]. The general improvement ofmechanical properties was the number one issue 
identified. It should be noted, however, that the benefits of material properties gains only 
slightly exceeded that of the cracking issue in importance to the industry respondents of the 
surveys. 
Cracks in P/M components primarily originate in consolidation or handling prior to 
the sintering process. Although cracks may not become evident until sintering has 
occurred, the root cause is most likely poor interparticle bonding prior to the sintering 
phase. The research has focused on cracks initiated prior to sintering. Sintering defects 
caused by geometry, stresses induced during sintering, or conditions such as blistering or 
blow-out are not considered in the present work; however, they may be added in the future. 
Due to the sensitivity of the issue there is a reluctance within the industry to discuss 
cracks and the impact it has on production, profitability, and new business. Most available 
Iiterature is related to the testing of sintered components for the presence of defects using 
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destructive or non-destructive testing devices. Little has been published about cracks in 
green P/M compacts. Reid [2] investigated six different shaped components and defined 
twelve different causes for cracks, and Tsuru [3] described cracks through several case 
studies created using a multiple electric drive CNC press. Jaffe [4], Bocchini [5] and 
Zenger [6, 7] provide some general knowledge such as a crack definition, origination of 
cracks, and some methods to prevent and detect cracks in green P/M compacts. 
OBJECTIVES 
The essential step in avoiding cracks is to know the root causes. Generally, the 
occurrence of cracks in green P/M compacts depend on variables related, but not Iirnited to 
material composition and properties, part geometrical characteristics, tooling design and 
setup, consolidation methods, press and handling conditions. With the knowledge of why 
parts crack, it is possible to develop a methodology to minimize or elirninate the formation 
of these defects. 
The objectives oftbis project include the following: 
1. To determine physical mechanisms by which cracks form and to identify the root 
causes ofthe occurrence. 
2. To classify the various crack types by establishing a crack formation database that 
includes the mechanism, cause, location and geometrical characteristics of the crack. 
3. To develop a knowledge base that can be used to prevent or rninirnize cracks in 
present and future applications by providing information used during part design, 
tooling design and process design. 
4. To develop a database of crack information that can be integrated with detection 
instrumentation allowing Iirnited compact scanning by adopting a "known location" 
test methodology. 
CAUSES OF CRACKS IN GREEN P/M COMP ACTS 
The main causes of cracks found in the study can be summarized into four basic 
categories: improper material composition, interparticle side shifting action, improper elastic 
strain release and high tensile/shear stresses. Figure 1 graphically depicts these four 
categories and provides some examples found in the study. In total 32 distinct causes of 
crack formation have been identified and described. 
Improper Material Composition 
Meta! powders are rarely used without additives for various reasons. For instance, 
the addition of a suitable Iubricant in the rnix will improve the compressibility and reduce 
ejection forces. However, too much of an added lubricant in the powder rnix can inhibit 
forming ofinterparticle bonds. The presence ofbinders, impurities and even air entrapment 
can have negative effects on bond formation. 
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Interpartide Shifting 
Another mechanism of cracks is interparticle side shifting. The interparticle bonds 
are formed primarily by plastic deformation and bulk movement ofthe powders. In an ideal 
condition, densification is bilateral, symmetrical and simultaneous, and interparticle side 
shifting does not take place. This particle motion after the onset of densification can 
prevent the interparticle bonds from forming and generate a crack. 
Improper Elastic Strain Release 
Improper elastic strain release is another mechanism of crack formation. During 
compaction an unrecoverable plastic deformation ofthe particles occurs. Additionally a 
recoverable elastic deformation is also present. When the tooling elements reach their final 
required positions, the related pressures are reduced and during ejection will eventually go 
to zero. At the moment ofrelease from compaction pressures, the compressive stresses 
relax and the green compact will change abruptly from a plastic to a purely elastic stage. If 
the intemal stresses are beyond the compact's strength Iimit, crackswill form. 
High Tensile/Shear Stress 
In the green P/M state, ifthe tensile/shear stress which can be generated by extemal 
or intemal factors in a compact exceeds its green strength, which usually ranges between 
10- 30 MPa for most P/M green compacts, then a crack could be formed. 
COMMON CRACKS IN P/M COMP ACTS 
From the case study analysis of supplied components, and follow up discussions 
with industry experts, it has been found that most cracks occur in areas of significant 
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Improper part handling 
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Figure 1. General causes of cracks in green P/M compacts and some example conditions. 
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density variation, areas of material contaminants, as weil as at comers, intersections and 
edges such as steps where multiple punches meet, stepped tooling elements, and on 
longitudinal or lateral surfaces. Many ofthe most common crack types can be identified 
when studying a double boss part as shown in Figure 2. Not all possible locations of cracks 
are shown in the figure as it would appear duttered and difficult to discem one crack from 
another. The figure does, however, try to identify common cracks found in a hub-shaped 
component. 
Careful analysis of this and many other part geometries has led to the conclusion 
that the geometrical characteristic of a crack in a green compact has certain relationships 
with the causes ofthe crack. For instance, a Iamination crack, which is typically a shallow 
defect on the vertical surface of a P/M compact, is usually caused by an improper bevel on 
the tool face, and originates during the ejection stage. 
To address the relationship between the crack characteristics and the causes ofthe 
crack a classification system has been devised. The classification system currently uses a 
three digit code to describe a crack. The first two digits are used to describe generally 
where the crack initiates and the direction that it lies in. These first two digits are referred 
to as the crack characteristic and are listed in Table 1. The third digit refers to the 
geometric shape or feature ofthe P/M component that the crack is associated with. The 
classification system currently identifies nine specific geometric part features and a tenth 
"other features" category. As the study progresses it is expected that a more detailed Iist of 
features may be needed. To accommodate this need a fourth digitwill be added to the 
coding system. 
CRACK HANDBOOK 
A major objective of this work is the establishment of a database that will provide 
the critical information necessary to diagnose the cause of cracks in P/M components and to 
recommend corrective actions on how to eliminate them in practice. The information 
gathered to date has been organized into a handbook containing four major sections: 
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Figure 2. Common cracks in double boss P/M compact. 
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1. Basic Concepts 
2. Crack Classification Data Pages 
3. Detailed Descriptions of Causes 
4. Alternative Geometrie Classification System. 
The section on basic concepts includes discussions on issues such as the effects of 
powder fill, powder transfer, compaction, pressure release, tooling deflection, ejection and 
handling on the creation of cracks in green compacts. Additional information on tooling 
systems, part orientation during compaction and the general classification of causes of 
cracks is covered. This section is meant to provide background information for the user 
and to assist in understanding how the various aspects interact with regard to cracking 
problems. 
The second section of the handbook contains over fifty data pages that are 
organized using the coding system described above. A sample data page is shown in Figure 
3. The data pages contain visual as weil as textual information to assist the user in verityi.ng 
and understanding the crack related issues. The graphical content includes a 3-D drawing 
of a sample part and a section view that indicates the location and direction of the crack the 
data page is addressing. A tooling Iayout is also provided to help understand the action that 
is occurring during compaction that is likely causing the crack to form. 
The amount of textual information has been purposely limited to prevent the pages 
from becoming busy and difficult to use by experienced individuals. Every page has a brief 
title identityi.ng the generaltype of crack as weil as a description ofthe path direction and/or 
characteristic. The most probable causes for the occurrence of the crack are listed. In 
keeping with simplityi.ng the page content only short descriptive Statements are given. It is 
Table 1. Crack classification system 
CRACKING CHARACTERISTIC PART SHAPE/FEATURE 
(location and direction) 
CODE DESCRIPTION CODE DESCRIPTION 
11 Perpendicular to Vertical Surface l Through Hole 
12 Perpendicular to Horizontal Surface 2 Step 
13 Chipping at Edge 3 Boss 
14 Begin at Corner Toward Vertical 4 Hub 
15 Begin at Corner Toward Horizontal 5 BlindHole 
16 Begin at Corner Upward Inside 6 GearTooth 
17 Begin at Corner Upward Outside 7 Countersink 
18 Begin at Corner Downward Inside 8 Spherical Surface 
19 Begin at Corner Downward Outside 9 Taper 
20 Begin at Center Vertical 0 Other Features 
21 Begin at Center Horizontal 
22 Inside toward Vertical 
23 Inside toward Horizontal 
24 Randomly Located Irregular 
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Figure 3 0 Sampie data page from crack handbook. 
felt that an experienced user will be able to understand the problern from this description. 
As seen in Figure 3 each cause is followed by a reference number in parentheses. These 
numbers refer to a detailed explanation of the cause contained in section three of the 
handbook and can be used to further understand the cracking mechanism. 
In addition to the cause of the crack information is given as to when the crack was 
formed. In some instances different causes for the same type crack will occur at different 
stages of the process. If this is the case multiple entries will be listed on the data page and 
the related cause will be identified by its reference number. At the same time, the solutions 
for each causes are provided. These solutions are attempted to be listed in the order of 
preferred implementation by the user, however, part requirements will dictate what 
solutions should be tried and in what order as well. 
As previously mentioned the third section of the handbook is a detailed compilation 
of32 causes of cracks. Theseareall referenced by the data pages and is meant to assist less 
experienced handbook users in practice and to be useful to help explain the problern to 
others in the organization. 
The fourth section of the handbook is a graphical metbad of identifying cracks. A 
database of different part geometries, organized under the umbrella of the general part Ievel 
classification system currently used in the industry, is used to identify crack classification 
codes. This section presents cracks in different locations in various geometries and 
provides the user with the appropriate data page number that will address the crack type. 
This system is seen as an improved identification method for future computerized versions 
ofthe handbook. This section ofthe handbook is still under development; however, a large 
database of part geometries and their associated cracks has been created. 
CONCLUSIONS 
A handbook summarizing informationrelative to common cracks in green P/M compacts 
has been created. Significant information relative to why parts crack and how to elirninate 
them from production has been collected and presented in a single database. The handbook 
in its present form is a valuable tool for production personnet to identify and elirninate 
cracking problems when they occur. Future modifications will provide the information in a 
format that will also be useful for part designers and tooling engineers. The project will 
continue over the next few years to expand the data pages section to include more cause 
and solution information. Existing pages will be updated and the creation of new pages 
representing cases not yet described. As the handbook is used by the industry feedback will 
be received to update and expand the work. 
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